The relationship between feeding behavior and performance of 274 feedlot cattle was evaluated using Charolais cross steers from 2 consecutive years averaging 293 ± 41 kg for yr 1 (n = 115) and 349 ± 41 for yr 2 (n = 159). Steers were blocked by BW and assigned to 3 (yr 1) or 4 (yr 2) feedlot pens equipped with a radio frequency identification system (GrowSafe Systems). Each pen contained 5 feeding stalls that allowed individual animal access to a feed tub suspended on load cells. The system recorded animal identification, duration, and frequency of feedings as well as the amount of feed consumed during each visit. Daily variation in DMI (DVI), calculated as the absolute difference in DMI from one day to the next, as well as eating rate were determined for each steer. Barley-based diets were delivered to meet steer ad libitum intake over the 213-and 181-d feeding periods for yr 1 and 2 of the study, respectively. The backgrounding periods included the first 85 and 56 d of yr 1 and 2, respectively, in which steers were fed a 14 to 30% concentrate diet, whereas the finishing periods included the last 116 and 101 d of feeding in yr 1 and 2, respectively, with the diet consisting of 77.9% concentrate. Steers were weighed individually every 14 d. To relate feeding behavior to performance, steers were grouped by ADG and G:F and categorized as high, average, or low (based on 1 SD greater than and less than the mean). In the backgrounding and finishing periods of both years of the study, steers classified as having high ADG exhibited greater (P < 0.001) DVI than steers classified as having average or low ADG. Total daily DMI was also greater (P < 0.001) for steers in the high ADG group than those in the low ADG group. Overall, those steers with the greatest G:F also tended (P = 0.15) to have greater DVI than average or low G:F steers. Compared with average or low G:F steers, DMI by high G:F steers in both years of the study was less during backgrounding, finishing, and overall (P = 0.02). Bunk visits and bunk attendance duration were less frequent and shorter (P ≤ 0.01) overall for high compared with low G:F steers. In this study, steers with more variable eating patterns exhibited greater ADG and tended to have greater G:F, a finding that is contrary to industry perception.
INTRODUCTION
Many factors are known to affect feed intake patterns in cattle including temperament (Voisinet et al., 1997) , weather (Rittenhouse and Senft, 1982; Hahn, 1995) , bunk space (McKinnon, 2001; González et al., 2008a) and bunk management strategies (Schwartzkopf-Genswein et al., 2003 , and health (González et al., 2008b) . The extent to which feeding behavior influences animal performance remains to be defined. Several studies have shown that large variations in intake by cattle fed high-concentrate diets can cause digestive disturbances (Fulton et al., 1979; Britton and Stock, 1987) . Galyean et al. (1992) reported decreased performance resulting from intake variability with limit-feeding, whereas others have shown intake variability of up to 1.8 kg· d −1 did not increase the incidence of acidosis or decrease performance of finishing steers fed for ad libitum intake (Cooper et al., 1999) . Similar findings were also reported by Schwartzkopf-Genswein et al. (2004) who observed that ADG and G:F was not different between steers fed either a constant or fluctuating amount of feed. Golden et al. (2008) reported that inefficient steers had greater within-day variation in intake than efficient steers regardless of the amount of roughage in the diet. However, contrasting findings have been reported by Parsons et al. (2004) , who observed that cattle could not be classified into performance and carcass outcome groups based on feeding behavior. Although some studies have assessed the relationship between performance and feeding duration and frequency (Schwartzkopf-Genswein et al., 2003; Golden et al., 2008) , no published studies have accessed the relationship between eating rate, daily variation in intake, and animal performance on barley-based backgrounding and finishing diets. The objective of this study was to define the relationship between feeding behavior, intake, and performance in cattle fed growing and finishing barley-based diets.
MATERIALS AND METHODS
Animals were cared for under the guidelines established by the Canadian Council on Animal Care (1993).
Cattle, Feeding, and Housing
Charolais-sired steer calves (n = 274) from 2 consecutive years averaging 293 ± 41 kg (n = 115) in yr 1 and 349 ± 41 kg (n = 159) in yr 2 were used in this study. Year 1 and 2 calves were subjected to the same experimental protocol with the exception of minor differences in their diets (Table 1) . Data for yr 1 were collected between November 30, 1999, and June 30, 2000 (213 d) , and for yr 2, between January 17, 2001, and July 17, 2001 (181 d) . All calves were obtained from a single source (One-Four Ranch, One-Four, Alberta, Canada) and transported approximately 3 h to the Lethbridge Research Centre feedlot (Lethbridge, Alberta, Canada). Upon arrival, steers were weighed, randomly assigned to 1 of 3 blocks according to BW, and fitted with a radio frequency transponder 6 cm from the base of their right ear (Allflex, USA, Dallas/Ft. Worth, TX). Steers were assigned to 1 of 3 feedlot pens (38 steers in 2 pens and 39 steers in 1 pen) in yr 1 and 1 of 4 feedlot pens (40 steers in 3 pens and 39 steers in 1 pen) in yr 2. Pens measured 40.2 × 27.4 m with a centrally located water system and a concrete apron (2.4 × 24.5 m) directly in front of the feed bunk. Pen space available for each steer was 30.6 and 29.02 m 2 , respectively, for each of the 4 pens. Pens were bedded using barley straw only at the time of excessive snow or rainfall. Upon arrival, steers were given 25 mL of Dectomax pour-on (Pfizer, London, Ontario, Canada) for internal parasites, 2 mL of Somnustar Ph subcutaneously (s.c.; Novartis, Mississauga, Ontario, Canada) for Haemophilus, 2 mL of BarVac 3 intramuscularly (Boringer-Engelheim, Burlington, Ontario, Canada) for bovine viral diarrhea, and 5 mL of Fortress-7 s.c. (Bayer, Toronto, Ontario) for clostridial-related diseases. Boosters of SomnuStar Ph and Bar Vac 3 were administered 28 d later. No growth implants were administered. Medical treatment was documented for all morbid cattle over the entire feeding period; medicated calves were returned to their home pen after treatment.
Calves were fed backgrounding and finishing diets composed of steam-rolled barley, whole crop barley silage, and supplement containing vitamins and minerals balanced in accordance with NRC (1996; Table 1 ). Feed was delivered as a total mixed ration at 1300, 1500, and 1900 h during the backgrounding period and 0900, 1300, and 1500 h during the finishing period with cattle being fed for ad libitum intake. Feed delivery was allotted equally across the 3 daily feedings. Fresh water was available at all times. Feed offered was recorded daily by the GrowSafe system (GrowSafe Systems Ltd., Airdrie, Alberta, Canada), and all orts were removed from each feed tub on a weekly basis. A composite diet sample was taken at the start of each diet change (including the changes from backgrounding to transition, steps within the transition, and the final change to a finishing diet) and analyzed for DM content by drying samples (0.5 kg) at 55°C in a forced-air oven to a constant weight. Samples were also analyzed for CP and NDF. Steers were weighed (shrunk) every 14 d over the experimental period.
GrowSafe System and Feed Intake Validation
Research pens were equipped with the GrowSafe system, an electronic feed monitoring system using radio frequency technology to document the feeding patterns of individuals within large groups of cattle in a commercial setting. This system can record and identify all animals at the bunk, simultaneously allowing the documentation of individual bunk attendance frequency and duration and the amount of feed consumed at each visit. The system consisted of 5 individual stalls measuring 1.1 × 1.4 × 1.5 m located along the concrete feed bunk. Each stall contained a single feed tub (0.38 × 0.53 × 0.91 m) suspended on 2 load cells. The bottom outside wall of the feed bunk was fitted with an antenna embedded in a rubber mat that radiated a 134.2-kHz electromagnetic field. The antenna was designed to activate the passive transponders when the distance between them was 50 cm or less. The transponder transmitted an electronic identification number specific to each individual steer back to the antenna. Data were transmitted to a reader panel, which transmitted the data via a data cable to a desktop computer every 5.25 s. Scale readings (kg) from each feed tub were also transmitted every second through the data cable to the computer using GrowSafe data acquisition and analysis software (DAQ 3000, GrowSafe Systems Ltd.).
GrowSafe validation was performed as described by Schwartzkopf-Genswein et al. (1999) and Basarab et al. (2003) . The system was checked weekly throughout both trials to ensure that all cells within the mat were functioning properly. This involved using an unassigned transponder and holding it within the read range of the antennae for 10 s. The computer was checked to ensure that the transponder had been detected at the cell location at the specified time. The load cells were calibrated by placing a 20-kg weight in each tub at a specific time and viewing the computer to ensure that the extra weight was recorded in the scale file. If any cells were inoperable, they were repaired and any data associated with the inoperable period were discarded from the data set. The dates of the inoperable periods were recorded, and the entire day was deleted from the data set. The number of days discarded for this study totaled 5 over both years (2 d in yr 1 and 3 d in yr 2).
Additional validation regarding the intake software was done by comparing the amount of feed consumed (as-fed basis) per pen vs. the amount of feed delivered to a pen over a 10-d period as measured by the feed delivery wagon. Growsafe recorded 26,184.1 kg of feed as being consumed, whereas feed wagon deliveries totaled 26,849 kg minus 747.4 kg of orts and waste, resulting in 26,101.6 kg of feed being consumed. These calculations indicated GrowSafe accounted for 82.5 kg, which was 0.3% more feed (over a 10-d period) than was estimated to be delivered by the feed bunk, a variance that was within the level of sensitivity of the load cells in the feed tubs and feed wagon.
Data Management and Processing
Collection of feeding behavior data began immediately upon entry into the feedlot pens; however, the first 2 wk of data were not used as the calves were being acclimated to their new diet and pen environment. Daily feed intake as well as bunk attendance duration and frequency for each steer were calculated using software, written in Oracle (Redmond, VA), from the raw text files obtained from GrowSafe. The text files consisted of one animal and one scale file. The animal file included a transponder number, corresponding date/ time stamp, and a tub location from which the signal was recorded. The scale file consisted of feed tub weights (g), corresponding date/time stamp, and the location from which the weights were recorded. The data summary software was used to synchronize the date/time stamp and tub locations between animal and scale files such that feed disappearance/intake could be accurately ascribed to an individual animal. Several data summary assumptions were implemented within the software before estimates of feeding duration, frequency, and intake could be calculated. For the purpose of summarizing bunk attendance data, a meal criterion of 300 s was selected based on survival analysis theory (de Haer and Merks, 1992) and validation work carried out by Schwartzkopf-Genswein et al. (2002) . This same timeframe has also been previously selected by Sowell et al. (1998) and Parsons et al. (2004) for beef cattle, and de Haer and Merks (1992) for growing pigs. Under this definition, bunk attendance intervals between visits shorter than 300 s were considered to be the same meal. A negative eating event was defined as an increase in feed tub weight during an animal visit. Negative eating events were usually caused by a steer scratching on the tub or when feed was added to the tub. All negative events were removed from the data set (excluding feed delivery). Feeding events that spanned across the change of day (i.e., midnight) were assigned to the day which had the greatest portion of the event (>50%). Duration of bunk attendance and feed intake were split between those 2 d according to the amount of time or feed consumption that took place in each day.
The summarized Growsafe data allowed for the calculation of individual animal intake (DMI; kg·d ). Performance variables used in data analysis included ADG and G:F, which were calculated for each steer over the entire trial and for the backgrounding and finishing periods. Feed efficiency was calculated as G:F for each steer using intake calculated from GrowSafe.
Carcass data were collected at the time of slaughter using standard industry carcass data collected after a 24-h chill at −4°C. Carcass traits were evaluated according to the Canadian beef carcass grading system (Agriculture Canada, 1992) and included percentage of salable meat, HCW (kg), rib-eye area (REA; cm 2 ) grade, and average fat (mm). The HCW of each animal was determined as the sum of the weights of the left and right halves of each carcass. Carcass grade fat, average fat, and REA (LM area) were measured every 28 d at the 12th to 13th rib of each carcass using an Aloka 500V real-time ultrasound machine with a 17-cm, 3.5-MHz array transducer (Overseas Monitor Corporation Ltd., Richmond, British Columbia, Canada) using procedures detailed by Brethour (1992) . Carcass marbling score is a measure of intramuscular fat and was classified as 1 to <2 units = trace marbling (Canada A quality grade); 2 to <3 units = slight marbling (Canada AA quality grade); 3 to <4 units = small to moderate marbling (Canada AAA quality grade); and ≥4 units = slightly abundant or more marbling (Canada Prime).
Statistical Analysis
To relate feeding behavior to performance, steers were classified as high, average, or low (±1 SD from the mean) for the ADG and G:F variables. This was done after data collection was complete and before data analysis. Classification category ranges for ADG and G:F are presented in Tables 2 and 3 , respectively. Data for all performance, behavior, and carcass variables were analyzed using the generalized least squares within the MIXED procedure (SAS Inst. Inc., Cary, NC). The initial model included the fixed effects of ADG and G:F groups (high, average, or low) year and their interactions with sire and pen as random effects. Pen and sire effects were not significant (P > 0.25); therefore, the final model only included treatment, year, and their interactions. The individual animal was considered to be the experimental unit for analysis with the F-test protection level set at P < 0.05 and trends considered between P = 0.06 and P = 0.15. The CORR procedure in SAS was used to calculate the correlation coefficients (r) between feeding behavior and carcass characteristics as well as between feeding behavior and performance characteristics.
Before analyzing the relationships between ADG and G:F, feeding behavior, and performance, the generalized least squares within the MIXED procedure of SAS with year and feeding phase as fixed effects and pen and sire as random effects were used to determine if data from each respective year and feeding phase (for ADG and G:F classification category variables) should be compiled into a single data set. No year effect for ADG data was observed (P > 0.30); however, ADG was different (P < 0.001) by feeding phase (backgrounding, finishing, and entire trial). Therefore, ADG categories were classified separately for the entire trial, backgrounding, and finishing phases and kept consistent for yr 1 and 2 (Table 2) . A year effect (P < 0.05) was observed for G:F; however, no differences (P > 0.20) were observed between the feeding phases, and therefore, G:F categories were classified separately for each year, whereas G:F classification categories were based on the entire trial. All data from the first 2 wk after entrance into the feedlot and the transition phase for both years were excluded from analysis because of the short duration in relation to the length of each trial.
RESULTS

Relationship Between ADG Classification
Categories, Feeding Behavior, Intake, and G:F Backgrounding Period. During the backgrounding period, interactions between ADG classification category and year were significant (P ≤ 0.05) for bunk attendance frequency and DVI (Table 2) , whereas DMI tended to differ (P = 0.07). There were no ADG × year interactions (P > 0.30) observed for duration of bunk attendance, ER, or G:F.
Steers classified as having high and average ADG tended to consume more (P = 0.07; classification × year) feed than low ADG steers in both years of the study. Daily variation in DMI was greatest (P = 0.05; classification × year) for the high group in yr 1; in contrast, there was no difference in DVI between any of the categories in yr 2 ( Table 2) . Frequency of bunk visits was least (P = 0.004; classification × year) for the high ADG group in both years. In contrast, high ADG steers spent more (P = 0.02) time at the bunk compared with average ADG steers, and average ADG steers spent more (P = 0.02) time at the bunk than low ADG steers. Duration of bunk attendance was greater (P = 0.002) in yr 1 than yr 2. Eating rate was not different between the classification categories within a year; however, ER was greater (P = 0.02) in yr 2 than yr 1.
Finishing Period. During the finishing period, interactions between year and ADG classification category were significant (P < 0.03) for frequency and duration of bunk attendance as well as ER and DVI, whereas no interactions (P > 0.15) were observed for DMI or G:F (Table 2) . Steers classified as having high ADG had greater (P = 0.02) DMI compared with average steers, and average steers had greater (P = 0.02) DMI than low ADG steers. Dry matter intake was also greater (P = 0.004) in yr 1 than yr 2 (Table 2) . Daily variation in DMI was greatest (P = 0.03; classification Within a row, means without a common superscript letter differ (P < 0.05).
1 ADG classification category was calculated separately for backgrounding, finishing, and over the entire trial.
2 Classification category (high, medium, low) for ADG.
3 DVI (daily variation in DMI) is defined as the difference in DMI from one day to the next. Within a row, means without a common superscript letter differ (P < 0.05).
1 G:F classification categories were based on entire trial classification, and animals within year were classified separately.
2 Classification category (high, medium, low) for G:F.
3 DVI (daily variation in DMI) is defined as the difference in DMI from one day to the next.
Relationship between behavior and performance × year) for high ADG steers in yr 1 but not different among categories in yr 2 ( Table 2) . The relationship between daily bunk attendance frequency and duration (P < 0.001; classification × year) and ADG category during the finishing phase (with the exception of yr 1) indicated that high ADG cattle spent more time and made fewer visits to the feed bunk, which is consistent with results obtained for the backgrounding period. Entire Trial. Interactions between ADG categories and year were significant for all (P < 0.01) measured variables except DMI (P = 0.15) and G:F (P = 0.21), and therefore, data for each year are presented separately (Table 2) . Across all cattle for both years, a total of 43 steers were categorized as having high ADG, 188 as average, and 43 as low.
High ADG steers had greater (P = 0.01) DMI and DVI values as well as greater G:F (P < 0.001) than those with average or low ADG in both years of the study (Table 2) . Cattle in the high ADG group had intakes that were greater than the pen average, and considerable variation in intake was evident for individuals in the high ADG group (Figure 1 ). Dry matter intake was greater in yr 1 than yr 2 (P = 0.03), whereas steers were more efficient (P = 0.001) in yr 2 than yr 1. In addition, high ADG animals had the least (P = 0.001; classification category × year) bunk attendance frequency compared with average and low steers for both years. Bunk attendance duration was not different (P = 0.09) between the categories in yr 1 but was longer (P < 0.001; classification category × year) in the high compared with the low and average groups in yr 2 (Table 2) . Eating rate per feeding event was greatest (P < 0.001; classification category × year) for the high ADG group in both years of the study. Low ADG steers had the smallest values for all feeding behavior variables, with the exception of bunk attendance frequency and duration in yr 1 (P < 0.001; classification category × year) and frequency of attendance in yr 2. In addition, low ADG steers had the least intakes (P = 0.01; classification category × year) and G:F (P < 0.003) in both years.
Relationship Between G:F Classification
Categories, Feeding Behavior, and ADG Backgrounding Period. Interactions between G:F classification category and year were significant with the exception of DVI and bunk attendance duration (P > 0.40; Table 3 ). Steers with low G:F visited the bunk more frequently (P < 0.001; classification category × year) and remained at the bunk for longer periods of time (P < 0.001) than average or high G:F steers in both years of the study. Bunk attendance duration was greater (P = 0.004) in yr 1 than in yr 2. Eating rate was variable with low G:F steers having greater (P < 0.001; classification category × year) ER than moderate or high G:F steers in yr 1; however, no G:F category difference was observed in yr 2. Daily variation in intake did not differ (P = 0.18) among high, average, or low G:F steers in either year of the study. The most efficient animals consumed less (P < 0.01; classification category × year) feed than average efficiency steers, and average steers consumed more (P < 0.01; classification category × year) than those with a low efficiency. Finishing Period. Interactions between year and classification category were significant (P < 0.001) for all variables with the exception of DVI and DMI (Table  3) . The relationship between daily bunk attendance frequency and duration and G:F category during the finishing phase indicated that low G:F cattle spent more (P < 0.001; classification category × year) time at the feed bunk and made more (P < 0.001; classification category × year) frequent visits to the feed bunk, a result that is consistent with both the backgrounding period and over the entire trial for both years of the study (Table 3 ). High G:F steers had greater ER (P = 0.02; classification category × year) than moderate and low G:F steers. However, these results are in contrast to those observed in the backgrounding period where no clear relationship been ER and G:F category was observed. High G:F steers had less (P = 0.003) intake and greater ADG (P < 0.001; classification × year) than average and low G:F cattle (P < 0.001; classification category × year) in yr 2 but not yr 1 (Table 3) .
Entire Trial. Interactions between G:F classification category and year were significant for all but DVI and bunk attendance duration (P > 0.10) with a tendency toward significance (P = 0.06) for ER (Table 3) . A total of 36 steers were categorized as having high G:F (most efficient), 159 as average, and 79 as low (least efficient) for both yr 1 and 2.
As a group, the high G:F steers had more rapid ER than average or low G:F steers and average G:F steers had greater ER than low G:F steers (P = 0.06; classification category × year; Table 3 ). The ER was greater (P < 0.01) in yr 2 than yr 1 of the study. Daily variation in DMI was not different in high G:F steers compared with average or low G:F steers in either year of the study. Those steers that were most efficient spent the least (P < 0.01) amount of time at the feed bunk and made fewer (P < 0.001; classification category × year) visits than average and low G:F steers in both years of the study (Table 3) . As expected, DMI was least (P = 0.02) and ADG was greatest (P < 0.001) in the most efficient steers in both years of the study. The ADG differed (P < 0.01; classification category × year) between average and low G:F categories in yr 2 only (Table 3) .
Relationship Between Carcass
Characteristics, Feeding Behavior, Intake, and Performance Entire Trial. No relationship (P = 0.23; r = 0.12) was observed between bunk attendance duration and any of the carcass traits. Bunk attendance frequency was negatively correlated with HCW and REA, whereas ER was positively correlated with the same 2 variables (P = 0.02; r = −0.36 and −0.14 and 0.35 and 0.24, respectively). Daily variation in DMI and DMI were positively correlated to all carcass traits with the exception of percentage salable meat and marbling level (Table  4 ). The strongest correlation between feeding behavior and carcass data was observed between HCW and DVI (P = 0.01; r = 0.43).
Daily BW gain was positively correlated with all carcass traits with the exception of percentage salable meat and marbling level, whereas G:F was positively correlated with only HCW and REA (Table 4 ). The strongest correlation between performance data and carcass data was observed between ADG and HCW (P = 0.03; r = 0.66).
Correlations (P < 0.05) among feeding behavior variables and between feeding behavior variables and ADG and G:F were also observed (Table 5 ). Bunk attendance frequency was positively correlated with bunk attendance duration and negatively correlated with ER (P = 0.04; r = 0.45 and −0.26, respectively); however, bunk attendance frequency was not correlated with DVI. Bunk attendance frequency was positively correlated with DMI and negatively correlated with G:F and ADG (P = 0.05; r = 0.42, −0.59 −0.23, respectively; Table 5 ).
As expected, bunk attendance duration was highly negatively correlated (r = −0.80) with ER, indicating that the more time an individual spent at the feed bunk the less their rate of feed consumption (Table 5) . No relationship was observed between attendance duration and DVI. Bunk attendance duration had moderate and weak relationships with DMI and G:F (P = 0.01; r = 0.41 and −0.43, respectively; Table 5 ) but not with ADG.
A weak correlation between ER and DVI was observed. Eating rate was also correlated with ADG and G:F but not DMI (Table 5 ). Daily variation in feed intake was correlated with DMI and ADG but not G:F (Table 5) .
DISCUSSION
Cattle in both years of this study had average feeding durations ranging between 73.4 and 97.8 min·d −1 . Feeding duration ranges in the backgrounding and finishing periods were 100.1 to 145.6 min·d −1 and 57.9 to 70.4 min·d −1 , respectively. This indicates that more time was required to consume a high-forage diet than a high-concentrate diet as would be expected and has previously been reported by others (DeVries et al., 2007) . Basarab et al. (2000) reported a similar value of 129.8 min·d −1 at the feed bunk for steers on a barley-grain, barleysilage backgrounding diet. In addition, Basarab et al. (2000) reported that steers had a bunk attendance frequency of 6.6 visits·d −1 , which is also within the range of values observed overall (4.0 to 6.6 visits·d −1 ). These results suggest that feeding frequency is also decreased for high-concentrate compared with high-forage diets, Correlations significant at (P < 0.05).
2 DVI (daily variation in DMI) is defined as the difference in DMI from one day to the next. 1 Correlations significant at (P < 0.05). 2 DVI (daily variation in DMI) is defined as the difference in DMI from one day to the next. 3 NS = nonsignificant (P > 0.15).
which may be due to the fact that animals consume more energy per meal on concentrate than on forage diets. Eating rates ranged between 131.3 and 173.7 g·min −1 overall for both years of the study. These results are consistent with those observed for feeding duration and frequency, indicating that high-concentrate rations can be consumed more quickly than high-forage rations (DeVries et al., 2007) because less time for mastication and rumination is required. Gonyou and Stricklin (1981) reported similar ER for stall-fed cattle (124 g·min −1 ) on a barley-based finishing diet using a pinpointer.
The DVI ranged between 2.1 and 2.9 and 2.9 and 3.3 kg·d −1 in the backgrounding and finishing periods, respectively, whereas the overall average ranged between 2.6 and 3.2 kg·d −1 . No other studies have reported the DVI for individual feedlot cattle fed commercial growing and finishing rations under group-penned conditions.
The amount of daily DM consumed by steers in the present experiment was similar to that reported by Schwartzkopf-Genswein et al. (2002) for cattle on a barley-grain finishing diet and by Golden et al. (2008) on a corn-based finishing diet. In addition, performance measures including ADG (1.39 kg·d −1 ) and G:F (0.167) were similar to those reported in other performance studies with steers on a barley-grain, barley-silage diet (Robinson and Oddy, 2004; Nkrumah et al., 2006) .
Relationship Between ADG Classification Category, Feeding Behavior, and Performance
Our findings show that over an entire feeding period, high ADG cattle spent more time at the bunk, consumed more feed, and had greater ER but attended the bunk less frequently than the moderate and low ADG cattle. These results are in agreement with those reported by Schwartzkopf-Genswein et al. (2002) who observed a significant positive correlation (r = 0.38; P < 0.001) between ADG and bunk attendance duration, indicating that the longer an animal spends at the bunk the more feed they consume. Gibb et al. (1998) also reported a positive (r = 0.57) correlation between the total daily bunk attendance and DMI for steers consuming a finishing diet. Hicks et al. (1989) suggested that the frequency of eating was more related to animal performance than total time spent eating. However, Streeter et al. (1999) observed that frequency of visits was not different among high, average, and low ADG outcome groups and suggested that time on feed was an important consideration that was not accounted for by Hicks et al. (1989) . Overall, high ADG steers in this study spent 8% more time at the bunk each day than low ADG steers in yr 2; however, no difference between the groups was observed in yr 1. The relationship between bunk attendance duration and ADG classification category was the inverse for the backgrounding and finishing periods. High ADG cattle spent 20.0 (yr 1) and 19.0% (yr 2) more time at the feed bunk than low ADG steers in the backgrounding period; conversely, they spent 14% less time (only observed for yr 1 but not yr 2) at the bunk than low ADG cattle in the finishing period. These data are in agreement with the results of Streeter et al. (1999) who reported that high ADG steers had the shortest bunk attendance durations among moderate and low outcome groups in the finishing period and had the longest bunk attendance durations in the backgrounding period. Streeter et al. (1999) speculated that this difference may be due to the fact that cattle spending more time at the feed bunk have a reduced ER. The ER calculated in this study support this theory because high ADG cattle spending the least amount of time at the bunk in the finishing period also had the greatest ER. The ER exhibited by the high ADG steers was similar to those reported by Schwartzkopf-Genswein et al. (2002) . It may be that cattle with reduced rates of consumption masticate feed more thoroughly, resulting in greater saliva production, which in turn increases the buffering capacity of the rumen, ultimately reducing the susceptibility of an animal to subclinical and clinical acidosis (Owens et al., 1998; Streeter et al., 1999) . Streeter et al. (1999) also suggested that greater saliva production could shift starch digestion from the rumen to the small intestine resulting in improved energy utilization (Froetschel et al., 1987; Streeter et al., 1995) and, therefore, performance. The lack of relationship between ER and ADG in the backgrounding period is particularly interesting given that feeding duration was longest and DMI was greatest in high ADG cattle. This suggests that high ADG cattle may have a larger bite size; however, this is only speculation because bite size was not measured in this study. The results of this study suggest that selection of cattle into performance outcome groups on the basis of duration at the bunk during the backgrounding period may have some application as a tool for allocating animals into performance based groups for finishing. This suggestion is in contrast to the findings reported by Parsons et al. (2004) who concluded that cattle could not be classified into performance and carcass outcome groups based on feeding behavior. These contrasting results are most likely due to that fact that Parsons et al. (2004) only assessed feeding behavior in the finishing period and used feeding behavior in the early finishing period to predict overall finishing performance. The early finishing period consisted of 14 and 18 d of data (out of a total of 73 d accessed), which may be too short a period to accurately assess the relationship. This is in contrast to our study in which a total of 213 d (yr 1) and 181 d (yr 2) were used in this assessment.
Current literature suggests that steers that consume feed at a constant rate and have low daily fluctuations in intake will have greater ADG and G:F and decreased incidence of subacute acidosis (Galyean et al., 1992) . Galyean et al. (1992) attributed decreased performance to the negative effects of subclinical acidosis arising from greater variation in intake even though ruminal pH was not measured in his trial. This concept has dominated the cattle feeding industry even though a substantial amount of contrary evidence exists (SotoNavarro et al., 2000; Schwartzkopf-Genswein et al., 2004; Bevans et al., 2005) including the current study in which DVI was observed to be consistently greater among the high ADG classification categories overall and for the backgrounding and finishing periods. The data presented in Figure 1 further illustrate this point, suggesting that large daily fluctuations in intake by individuals may not always have a negative effect on performance. One potential reason for the difference between the findings of Galyean et al. (1992) and those reported in this study may be the use of pen-fed averages vs. individual animal data. It is possible that pen average data mask the individual variation among animals in an experiment and consequently the relationships observed in this study. Currently, the relationship between DVI and acidosis has not been assessed in commercial group-housed feedlot cattle because until recently, the continuous monitoring of ruminal pH was not possible .
Relationship Between G:F Classification Category, Feeding Behavior, and Performance
Overall cattle with the greatest G:F spent less time at the bunk and attended it less frequently, had greater ER, consumed less feed, and had the largest ADG compared with moderate and low G:F cattle. This is in contrast to Golden et al. (2008) who did not observe a difference in the ER of efficient and inefficient steers fed either a corn-based traditional total mixed ration with roughage or a total mixed ration containing no roughage. This may be due to the fact that Golden et al. (2008) were comparing residual feed intake (RFI) and not G:F. Daily variation in DMI was not different among the categories overall or separately for the backgrounding and finishing periods. This is difficult to explain given that high G:F steers also had greater ADG. This may be due in part to the fact that many factors can contribute to animal efficiency. For example, Russell and Gahr (2000) reported that variation of individual animal in digestion, absorption, ruminal retention, and feeding behavior may contribute to variation between animals in diet digestibility and, therefore, G:F. Similarly, Robinson and Oddy (2004) indicated that activity, visceral mass, rate of protein turnover, efficiency of digestion, and fatness can also affect efficiency.
To date, few studies have assessed the relationship between efficiency (measured as G:F) and feeding behavior. There are several studies comparing RFI as a measure of efficiency with some feeding behavior variables, which makes direct comparison to this study more difficult. Feeding durations reported in a study on the relationship between efficiency, feeding behavior, performance, and metabolic rate were less but comparable (ranging from 48 to 73 min·d −1 ) with the values for feeding duration obtained in this study (Nkrumah et al., 2006) . However, bunk attendance frequencies reported by Nkrumah et al. (2006;  using the same intake monitoring system as used in our study) were considerably greater than in our study. This may be due, in part, to the fact that Nkrumah et al. (2006) used the total number of feeding events rather than visits calculated using a meal criterion of 300 s. Nkrumah et al. (2006) reported that both feeding duration and bunk attendance frequency were least for steers with greatest G:F (low RFI), which is in agreement with the findings of our study. Robinson and Oddy (2004) reported that RFI had phenotypic correlations of 0.64, 0.45, and 0.51 with time spent eating, number of meals per day, and visits to the feeder, respectively. Robinson and Oddy (2004) indicated that the greater correlation for number of visits than meals may be related to animal activity and that there was a tendency for more efficient animals to have fewer meals per day. These findings are supported by Nkrumah et al. (2006) and the present study.
As indicated earlier, cattle with more variable intake or greater ER have been expected to have poorer performance, particularly when consuming a high-concentrate diet (Owens et al., 1998; Schwartzkopf-Genswein et al., 2003) . A greater ER would introduce an abundance of highly fermentable feed into the rumen, which could result in low ruminal pH, thereby making some animals susceptible to acidosis (Owens et al., 1998; DeVries et al., 2007) . However, the strong relationship observed between high ER and improved overall G:F in the finishing period of this study seems to contradict this concept. The ER in this study are comparable with those reported by Robinson and Oddy (2004) who calculated an average rate of 131 g·min −1 for British beef steers. The ER in this study were also similar to those reported by Golden et al. (2008) who reported average values of 94.7 and 98 g·min −1 , respectively, for inefficient and efficient steers on a corn-based backgrounding diet and average values of 129.5 and 149.0 g·min −1 , respectively, for inefficient and efficient steers on a corn-based finishing diet. The relationship between ER and DVI to G:F was not assessed in any other studies. Significant differences in feedlot DMI among differing feed efficiency groups have been demonstrated in several studies (Arthur et al., 2001; Basarab et al., 2003; Nkrumah et al., 2006) , all of which support the findings of this study.
Relationship Between Feeding Behavior and Carcass Characteristics
Of particular interest is the finding that DVI had the strongest relationship overall to carcass characteristics as low to moderate positive correlations were observed with HCW, grade fat, average fat, and REA. The stron-gest of those relationships was to HCW (r = 0.43). This finding is consistent with the results obtained for ADG (an indicator of growth performance and, therefore, carcass weight), indicating that high ADG cattle had the most variable daily intake. A similar relationship was observed between ER and HCW (r = 0.35) as well as REA (r = 0.24). These results also suggest that increased DVI and ER do not alter carcass quality or reduce ADG, contrary to industry belief. No relationships were observed between feeding duration and carcass traits, whereas bunk attendance frequency was found to be negatively correlated to HCW and REA.
The ER and DVI observed in the present study did not negatively affect carcass quality or performance. No other studies assessing the relationship between carcass characteristics and feeding behavior have been published, and only 1 study (Parsons et al., 2004) used individual animal feeding duration and frequency to attempt to classify cattle into outcome groups based on carcass quality (quality grade and yield grade) using discriminate analysis. Parsons et al. (2004) concluded that the classification variability was high and that use of individual animal feeding behaviors was not adequate to classify steers into overall ADG or carcass characteristic groups. The lack of relationship between feeding behavior and ADG reported by Parsons et al. (2004) may be due to the small number days assessed in only the finishing period of his study.
In conclusion, steers with more variable feeding behavior (greater DVI and ER) had greater ADG and trended to have greater G:F. Daily variation in DMI was also positively correlated with HCW, grade fat, average fat, and REA. There may be some potential to sort cattle into performance outcome groups (e.g., days until slaughter, fat cover) based on DVI, ER, and bunk attendance frequency in the backgrounding period. Evaluating feeding behavior is a useful research tool that may have positive impacts on animal and feed bunk management as well as performance. However, it will be necessary to continue to identify the relationships between feeding behavior and performance variables under a variety of different conditions. This should include season, breed, sex, source, feeding management and diets, and stress levels using large data sets over a full feeding period. Finally, the use of individual animal data will be required for the continued advancement of this research.
